1956), the stage of lactation (Peltola et ai. 1963) as well as by genetic factors (Bonnier & Hansson 1946 , Hansson & Bonnier 1949 . Moreover, nutritional factors appear to affect somewhat differently the fat and the protein contents of milk (Paloheimo et ai. 1955 Kliesch et al. (1959) have investigated the effect of milk yield on the correlation between the contents of fat and protein in cow's milk by means of calculating the coefficients of partial correlation. Most other investigators have presented only the coefficients of simple correlation between the two milk constituents (see Kiermeier & Renner 1961) . The purpose of the present study was to gain more information on the extent to which the milk yield affects the correlation between the fat and protein in milk, and on the extent to which the age of cow and/or the stage of lactation influences the coefficients of simple and partial correlations existing between the milk yield and the contents of fat and protein in milk.
Material and methods
The present data consists of 1028 milk samples, which were obtained during the years 1953-55 and 1963-64 from a total of 70 Ayrshire cows belonging to the dairy herd of the Viik Experimental Farm. All samples were taken during the indoor feeding period. The fat content of the milk was estimated by the Gerber method and the protein content by the Kjeldahl method. The feeding and management of the Viik dairy herd has been described recently in detail by Kossila (1967) .
The data were first divided into two groups according to age of cows, i.e. into first-calvers and into cows calved twice or more. Both age-groups were further divided into two sub-classes according to the stage of lactation during which the milk samples were taken, i.e. into the early stage (5 -39 days post partum) and the later stages (40-360 days postpartum). The cows in the Viik dairy herd have usually reached the peak of lactation by approximately the 40th day post partum. The four first days of lactation were excluded when selecting the data for this study. The simple and partial correlations were calculated according to Croxton & Cowden (1955) .
Results
The coefficients of simple and partial correlations. The coefficients of simple and partial correlations between the milk yield in kg (Xj), and the percentages of fat (X 2) and protein (X 3) obtained for the first-calvers, for the older cows, and for all cows between 5-30 days, between 40-360 days, and between 5-360 days post partum, have been summarized in Table 1 . The mean and range values for the daily milk yield and for the percentages of fat and protein, and also the average number of days from the last parturition in the first-calvers as well as in the older cows at both early and later stages of lactation, have been given in Table 2 . Table 1 . The coefficients of simple and partial correlations between the milk yield in kg (X,) and the percentages of fat (X 2) and protein (X,) of milk in the first-calvers, older cows and all cows during early and later stages as well as during the entire period of lactation. Results in Table 1 indicate that age as well as the stage of lactation of cows had exerted some influence on the investigated simple and partial correlations. The most prominent differences found between the first-calvers and older cows were; a) the dependence of the percentage of fat on the milk yield during early stage of lactation, the correlation between these two factors being positive in the former and negative in the latter, and b) a decidedly stronger negative correlation between the milk yield and the percentage of protein in the former than in the latter. As a whole, the protein content of milk appeared to be more strongly influenced by the level of milk yield than the fat content of milk. The protein-fat correlation was in general less close during the early than during the late stage of lactation (Table 1) . With exception of the first-calvers at early stages of lactation, all partial coefficients of correlation obtained from the present data were lower than the corresponding simple correlations. Thus for instance, the protein-fat correlation was diminished when the milk yield was taken into consideration (Table 1) . Although the older cows produced considerably more milk, on an average, than the first-calvers, the mean percentages of fat and protein ofmilk were quite similar in both age-groups (Table 2) . The percentage of explained variation.
Results summarized in Table 3 demonstrate that the percentage of variation in the dependent variable, i.e. either the milk yield, the percentage of fat, or the percentage of protein, that was explained by the variations in the independent variables, i.e. simultaneously by the variations in X 2 and X 3, X x and X 3, or X x and X 2, respectively, was influenced by age of the cows as well as by the stage of lactation. The percentage of variation in the milk yield that was explained by the variations in the contents of fat and protein, was affected more by the age of the cow than by the stage of lactation ( Table 3 ).
The estimating equations. The equations, obtained separately from the present data for the first-calvers and for the older cows during early stages (5 -39 days post partum) (A) and during later stages (40 -360 days post partum) (B) of lactation as well as during the entire period (5 -360 days post partum) (A -f-B) of lactation, for estimating theoretically the daily milk yield in kg (X C1 . 23 ), the percentage of fat (X C2 . 13 ), or the percentage of protein (X C3 .ij), when any two out of the three variables (Xj, X 2, X 3) in question are known, have been summarized in Table 4 . The equations demonstrate the relative effect of two variables at a time on the third variable in both age-groups of animals during early, late, and the entire period of lactation.
Discussion
The data of the present study were obtained during the indoor feeding period from a well-fed and high-producing Ayrshire herd. Therefore the results presented in this paper are not necessarily applicable as such to conditions that differ considerably from those of the Viik dairy herd.
The percentage of fat usually decreases with an increase in the milk yield, though there may be some exceptions to this rule (Kliesch et al. 1959 Table  4 ).
The protein content in milk of the first-calvers appeared to be more strongly affected by the level of milk yield throughout the period of lactation than was the case with older cows ( Table 2 ).
The partial coefficients of correlation, obtained between the milk yield and the protein content of milk when the fat content was held constant (r 1 3 . 2), were in all cases, except in the first-calvers at early stages of lactation, lower than the respective simple correlations (Table 1 ). It was found that even when the percentage of fat was held constant, the milk yield still appeared to have a significant negative effect on the percentage of protein this effect being largely independent of the effect of the percentage of fat (Table 1) .
The milk yield as well as the protein content of milk depends to a certain degree upon the total amounts of energy and crude-protein in the ration. Insufficiency of total energy and/or protein in the ration has a depressing effect on the milk yield as well as on the protein content of milk (Breirem 1949 , Paloheimo et ai. 1955 , Felinski 1962 , Davidov & Gal'ceva 1963 , Becker et al. 1965 ). According to Piatkowski (1965) , the retention of nitrogen of heifers during the last 8 weeks of gestation has a marked effect on their milking performance at the beginning of the subsequent lactation. Piatkowski suggests that since heifers have a comparatively small food capacity, they should be fed high-quality basal foodstuffs to meet their requirements. Overfeeding of crude protein, however, does not apparently result in a higher production of milk or a higher percentage of protein (Harrison & Savage 1932) . In fact, an excess of crude protein in the ration may interfere with the produc-tion of volatile fatty acids in the rumen through rapid formation and release of ammonia from nitrogen-containing substances by rumen micro-organisms. In consequence, the pH of the rumen contents may rise above the optimum leading to a decrease in the overall efficiency of the rumen function. The percentage of fat in milk was found to vary to a wider degree than the percentage of protein respectively (Table 2 ). This finding is in accordance with the observations of Kiermeier & Renner (1961) , who investigated 6846 milk samples taken from individual cows. Even though older cows in the present data produced more milk on an average than the first-calvers, the mean levels of fat and protein in milk were similar in both groups ( Table 2 ). The udder volume and the number of milk-secreting alveoli in the mammary gland usually increase with age up to the 4th-6th calvings, while there is a simultaneous increase in the gross capacity of the mammary gland to secrete milk and its constituents. Thus a high daily milk yield does not necessarily need to be associated with low contents of protein and fat in milk, if the nutritional requirements of the lactating cows are satisfied.
The protein-fat correlation was found to be less close during the early than during the later stages of lactation (Table 1 ). This result is in agreement with the observations of Lonka (1952) Table 1) . As a whole, the coefficients of simple correlation between the contents of fat and protein in milk are in accordance with the majority of the results published earlier (see Kiermeier & Renner 1961) .
The partial coefficients of correlation obtained between the contents of fat and protein while the milk yield was held constant were lower than the corresponding simple correlations in the present study except in the first-calvers at early stage of lactation (Table 1) . These results indicated, that the milk yield had influenced the protein-fat correlation. It seems, however, that the major part of the protein-fat correlation has been independent of the variations in the milk yield. For instance, in all cows during the entire period of lactation, the partial correlation, = 0.51, was not significantly smaller than the respective simple correlation, r 23 = 0.57 (Table 1 ). This tendency is in agreement with the results of Kxiesch et al. (1959) , who obtained correspondingly the simple and partial correlations, r 23 = 0.51 and r^.j = 0.47. Moreover, Kliesch et al. found that the partial correlation varied from 0.43 to + 0.87 in individual cows, which indicated that the protein content of milk could not be reliably estimated on the basis of its fat content or vice versa. Contradictory to the results of the present study and those of Kliesch et al., Vanschoubroek & Willems (1955) found that the fat-protein correlation increased slightly when the level of the milk yield was held constant (r 23 = 0.288 and r 23 .j = 0.291).
The percentage of explained variation in the dependent variable appears to rise when the number of independent variables is increased. Thus, for instance, the protein content of milk could be more closely estimated on the basis of the fat content and the milk yield than on the basis of the fat content alone, particularly since the milk yield appears to have a more marked effect on the protein content than on the fat content (Table 1 ). The highest percentage of variation in the dependent variable, the protein content of milk (X 3), that was explained simultaneously by two independent variables, i.e. by the milk yield (X x ) and by the percentage of fat (X 2), was the one (73.92) obtained tor the first-calvers at later stages of lactation (Table 3) ; respectively the variation in X 3 explained by X 2 alone was 51.83 only. The percentage of variation in the investigated dependent variables that was explained by the variations in the independent variables (Table 3) , was in most cases very low indicating that the milk yield and the contents of fat and protein vary to a great extent independently of each other.
The estimating equations in Table 4 , obtained separately for the firstcalvers and older cows at early (A) and late (B) stages as well as during Table 4 ).
Summary
Coefficients of simple and partial correlations between the milk yield and thepercentages of fat and protein in milk were calculated separately for the first-calvers and older cows during the early period of lactation (5-39 days post partum), during a later period (40 -360 days p.p.), and during the entire period of lactation, from the data of 1028 milk samples obtained during the indoor-feeding period from 70 different Ayrshire cows belonging to the Viik Experimental Farm dairy herd. Statistical treatment of the data revealed that the milk yield affected the protein content of the milk more than its fat content, especially in the first-calvers. The protein-fat correlation, which was somewhat affected by the milk yield, was generally less close during the early stage of lactation than during its later stage.
The percentage of variation in a) the milk yield that was explained by the variations in the percentage of fat and protein, was affected more by age than by the stage of lactation, b) the fat content of milk that was explained by the variations in the milk yield and the protein content of milk, was influenced more by the stage of lactation than by the age of the cow, c) the protein content of milk that was explained by the variations in milk yield and the fat content, was influenced by ageas well as by stage of lactation.
The equations for estimating theoretically the daily milk yield, the percentage of fat, or the percentage of protein in milk, when two out of the three variables are known, have been presented separately for the first-calvers and for the older cows at early and at later stages as well as during the entire period of lactation. The results. ■of the study indicated that the milk yields and the percentages of fat and protein in milk vary to such an extent independently of each other, even when the age of -cows, the stage of lactation, and the season of the year have been taken into consideration, that none of the dependent variables in question could be very closely estimated on the basis of knowing two of the independent variables.
